Recent studies involving human and animal models have identified that saffron helps in the improvement of depression. Antidepressants are known to function in part by increasing brain serotonin, norepinephrine and dopamine concentrations. Therefore, to identify the cellular and molecular mechanism(s) underlying this property of saffron, we measured changes in rat brain dopamine, serotonin, norepinephrine and glutamate concentrations after administration of varying doses of an aqueous extract of saffron stigma. Male Wistar rats (250 ± 30 g) were administered a single dose of saffron extract (5, 25, 50, 100, 150, and 250 mg/kg, i.p.), fluoxetine (10 mg/kg, i.p.), and/or desipramine (50 mg/kg, i.p.) and were sacrificed 30 min later. Brains were removed, homogenized, and centrifuged at 4˚C. The supernatant was used for subsequent neurotransmitter detection by ELISA. Our results indicated that the aqueous extract of saffron (50, 100, 150 and 250 mg/kg, i.p.) increased brain dopamine concentration in a dose-dependent manner compared with saline. In addition, the brain glutamate concentration increased in response to the highest dose of the extract (250 mg/kg, i.p.). Interestingly, the extract had no effect on brain serotonin or norepinephrine concentration. Our findings show that the aqueous extract of saffron contains an active component that can trigger production of important neurotransmitters in brain, namely, dopamine and glutamate. In addition, these results provide a cellular basis for reports concerning the antidepressant properties of saffron extract in humans and animals.
Introduction
Depression is a common and pernicious illness that can occur at many stages of life. Between 15% and 20% of patients have symptoms that persist for at least 2 years, and often these patients do not fully recover between depressive episodes [1] . Depression is also associated with high rates of relapse, recurrence, disability, and death [2] . Collectively, the high rates of chronicity, relapse, recurrence, morbidity and mortality highlight the importance of safe and effective long-term pharmacological treatment of this disease. However, evidence indicates that individuals with depression are seriously undertreated and receive inappropriate or inadequate treatment, with enormous costs to individuals and society [1] .
Saffron, Crocus sativus L. (Iridaceae), is used in folk medicine as an aphrodisiac and antispasmodic agent, expectorant and antidepressant [3] . Recent studies have demonstrated that saffron extract and its constituent, crocin, show interactions with morphine reward properties [4] [5] [6] [7] [8] [9] [10] . Interestingly, these studies have shown that the extract may interact with the neural elements located in the shell region of the nucleus accumbens [8] . On the other hand, Hosseinzadeh and Jahanian have shown that the extract and safranal and crocin can reduce the signs of morphine withdrawal syndrome in mice [11] . Chemical studies on Crocus sativus have shown the presence of constituents such as crocin, crocetin, safranal, and picrocrocin [12] . However, until today, there have been no studies on the effect of Crocus sativus extract on brain neurotransmitter concentrations. In the present study, the effect of saffron extract on brain serotonin, dopamine, norepinephrine and glutamate concentrations in male rats was investigated.
Materias and Methods

Experimental Animals
Male Wistar rats (250 -300 g, Pasture Institute, Tehran, Iran) were used throughout the study (8 rats for each experiment). Animals were housed in groups of 4/cage in a 12/12 h light-cycle (lights on at 07.00 a.m.), with ad-lib food and water available. The animals were randomly allocated to different groups of the experiment. All experiments were conducted in accordance with standard ethical guidelines and approved by the local ethical committee (The Baqiyatallah (a.s.) University of Medical Committee on the Use and Care of Animals, 81/021, July 10, 2002).
Drugs
Fluoxetine hydrochloride [N-methyl-3-[(4-trifluoromethyl) phenoxy]-3-phenylpropylamine hydrochloride] and desipramine hydrochloride [10-11- 
(TOCRIS Bioscience, UK) were dissolved in sterile saline and administered intraperitoneally at a concentration of 1 ml/kg; the extract was prepared immediately before use. The control groups were administered saline.
Plant Material
The saffron used in this study was a gift from Talakaran-E-Mazraeh Agricultural Co. (Torbat Heydarieh, Khorasan-e-Razavi, Iran). The plant was authenticated by M. Kamalinejad (Department of Pharmacognosy, Faculty of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran, Iran) and a voucher specimen coded P-408 has been deposited at the herbarium of the Department of Pharmacognosy, Faculty of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran, Iran. Crocus sativus stigma is typically used as an additive and in herbal medicine. To prepare the extract, 100 g of dried and milled stigma was extracted with 1000 ml distilled water by maceration. The extract was dried at 35˚C -40˚C, and the yield of extraction was 23 mg of freeze-dried powder per 100 mg dry stigma. The extract was dissolved in normal saline and immediately administered to the animals.
Brain Preparation
Thirty minutes after drug and/or extract injection, animals were killed in a CO 2 box [13] , beheaded by a guillotine, and their brains were removed by a specialist in less than a minute. Brains were homogenized in a Falcon tube containing 10 ml of cool (0˚C) sterile saline and centrifuged at 3000 rpm/min for 5 min at 4˚C. The supernatant was used for subsequent neurotransmitter detection by ELISA. On the basis of our previous studies, an interval time of 30 min was selected; this time was considered to be sufficient for extract action.
Statistical Analysis
Data are represent as means ± standard error of mean (SEM) of the neurotransmitters concentration. One way analysis of variance (One-Way ANOVA) following by Tukey post hoc was used for statistical analysis. P < 0.05 differences were considered significant.
Results
Effects of Saffron Water Extract on Brain Serotonin Concentration
The 
Effects of Saffron Extract on Brain Dopamine Level
Our results indicated that both fluoxetine (10 mg/kg, i.p.) and desipramine (50 mg/kg, i.p.) can increase dopamine 
The Effect of Saffron Extract on Brain Norepinephrine Concentration
The effect of saffron extract on brain norepinephrine level is shown in Figure 3 . Statistical analysis revealed that none of the drugs can increase the brain norepinephrine level [F(8, 64) = 0.79, P > 0.05] (Figure 3) , however, the fluctuations were observed in the responses which were not statistically significant.
The Effect of Saffron Extract on Brain Glutamate Concentration
In the last part of the experiments, the effect of saffron water extract on brain glutamate level was investigated. 
Discussion
Our studies have shown that the aqueous extract of saffron increases the release of important neurotransmitters, such as dopamine and glutamate in rat brains. This study also demonstrated that the effect of the extract on dopamine release was dose dependent. Since there is no study regarding the effect of saffron extract on neurotransmitter release, our results could not be compared with other investigations in this regard. However, it must be noted that in this study, the effect of the extract on other important neurotransmitters such as gamma-amino butyric acid (GABA) was not investigated. Moreover, it is not clear which specific constituents of the extract (e.g., safranal, crocin, and others) are responsible for the effects observed in our experiments. Finally, it must be noted that it was unclear whether dopamine or glutamate was still present in the vesicles or whether it was released into the synaptic space; this requires additional experiments to determine. While our data show that the extract has no effect on serotonin and norepinephrine concentrations, it may be speculated that if the interval time between extract injection and brain removal was increased, changes in these neurotransmitter concentrations might be observed. This problem can be resolved by the explanation that in other experiments, the optimal time interval between extract injection and initiation of the extract effect was approximately 30 min [5, 9, 10] . Several lines of evidence have Copyright © 2013 SciRes. JBBS indicated that both the aqueous and organic extracts of saffron can reduce depression in animals and humans [3, 13] . In this regard, it has shown that in comparison to imipramine, the ethanolic extract of saffron (30 mg/day) can reduce signs of depression in patients [14] . In addition, the efficacy of the organic extract of saffron in mild-to-moderate depression improvement has been reported in another study [15, 16] . Moreover, both the organic and aqueous extracts of saffron can reduce signs of depression induced by forced swimming stress in mice [17] . With regard to other mental disorders, investigators have shown that the organic extract of saffron can reduce signs of Alzheimer's disease during early phases of the disease [18] . Previous studies have also shown that the aqueous extract of saffron can induce rewarding properties, such as place preference and locomotor activity in both male and female mice [9, 10] .
It is important to note that depression is defined by a serious reduction in brain monoamine concentration [1] , and that antidepressant drugs increase monoamine concentration in the brain [1] . In this regard, investigators have shown that an increase in brain dopamine concentration, or administration of dopamine receptor agonists, may improve depression in humans and rats [19] . Our experiments have shown that brain dopamine concentration increases after treatment with saffron extract. Considering these two findings and other studies that saffron extract can improve depression; our results can be considered as being in accordance with those of previous studies. However, it is not clear which constituents of saffron extract are responsible for the observed increase in brain dopamine concentration. It must be noted that in previous studies, crocin has been identified as the most prominent constituent in the aqueous extract of saffron [12] , and it has been shown to inhibit N-methyl-D-aspartate (NMDA) glutamate receptors and sigma opioid receptors isolated from rat spinal cord [20] . Moreover, as noted earlier, the extract can improve signs of Alzheimer's disease, probably because of its interaction with NMDA receptors [18] . Considering these facts, one can conclude that a constituent of the aqueous extract of saffron, possibly crocin, interacts with NMDA receptors in different parts of the brain to induce dopamine release. This model is in agreement with the ability of the extract to induce hyperactivity and place preference in mice [5, 9, 10] . It is now clear that the dopamine concentration in the reward area induced by abused drugs is the cause of hyperactivity and place preference observed in animals [21, 22] . Finally, the ability of the saffron extract to improve memory, inhibit neuronal degeneration, and reduce signs of depression may be because of the ability of the extract to induce dopamine and/or glutamate release.
It is important to note that in our experiments we did not measure regional changes in neurotransmitter levels in the central nervous system. For example, we did not focus on the change in dopamine concentration in brainspecific regions or serotonin concentration in the raphe nuclei. Thus, additional experiments are required to clarify this issue.
In this study, we injected the extract intraperitoneally, and it could be argued that different results might have been obtained if the extract was injected intravenously.
In conclusion: It found that the aqueous extract of saffron can induce dopamine and glutamate release in the brain, which we suggest is related to the effect of the extract on depression rehabilitation observed in previous studies.
